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I - INTRODUCTION 
The normal animal body harbors, on its skin and mucous 
membranes, numerous types of microorganisms which are present 
naturally and constantly, constituting a 11 normal flora. 11 Each 
region has its typical flora; for examp le, in the intestinal 
1 tract, Escherichia coli is a permanent inhabitant. A newborn 
infant is free from bacteria and other fungi, since the uterine 
cavity is usually sterile (Kendall, 1915). Soon, however, 
organisms settle on the skin and enter the mouth and nose of th . 
infant. 
Many of the organisms normally present are harmless 
saprophytes, living on the debris formed ·by sloughed-off cells. 
Some of them are actually beneficial to the individual, in that 
they produce substances inimical t o other organisms which are 
injurious. This is true, for example, of Lactobacillus acido-
philus which produces an acidity in which the putrefactive 
processes are halted (Frobisher, 1942). It is this factor 
which stimulated the great interest in the use of sour milk 
and buttermilk, as suggested by Metchnikoff in 1908. These 
substances contain great numbers of aciduric organisms, which 
decrease the number of bacteria able to split protein into 
poisonous substances, thereby reducing the toxicity of the 
i nt estinal matter (Eddy, 1928). 
Other organisms in the alimentary canal were once be-
lieved to aid in digestion by decomposing food materials. 
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However, most authors believe that when adequate diets are fed, 
animals flourish, even without intestinal bacteria (Greaves, 
1944). Actually, bacteria do not aid human digestion, but 
they may supply vitamins. As a consequence of the synthesis of 
Vitamin B1 in rats, avitaminosis is prevented, although they 
are on a t h iamine-free diet (Greaves and Greaves, 1946), due 
probably to the fact that yeasts found in the cecum of the rat 
are able to synthesize the necessary vi~amins (Nelson et al, 
1921, and Guerrant et al, 1935). 
Several bacteria and higher fungi have been reported 
able to synthesize Vitamin B, for example, E. coli, M. candida, 
and Actinomyces (of unknown species). This report by Sunderlin 
and Werkman in 1928 confirmed the work of Hoet et al (1924) who 
found that M. candida could synthesize Vitamin B. Previous 
findings of Cooper (1914) had indicated that E. coli could not 
synthesize the vitamin. The contradictory results are partiall 
explained by Abdel-Salaam and Leong (1938) who state that al-
though intestinal bacteria do synthesize Vitamin B, no diffusiom 
of the vitamin out of the cells occurs. 
Yeast cakes, formerly prescribed for health maintenance 
are chie f ly Saccharomyces whi ch can synthesize vitamins of the 
B complex (Frobisher, 1942). 
Or~anisms normally present in the body may, under 
altered conditions of resistance in the host, become pathogen ic 
Leeuwenhoek, who observed microorganisms by means of his crude 
lenses, -saw non-pathogenic bacteria of the mouth, for the most 
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part. However, he saw and described Lep~othrix buccalis which 
is pathogenic, infecting the teeth and causing rotting or ca-
r ies. The normal mouth and the various mucous membranes of the 
body are deemed by many investigators to be the breeding place 
of potential pathogens, the mouth in particular serving as a 
warm, moist and nutritive enYironment for the growing fungi. 
There i~ a real need for a systematic compi l a tion of 
information about the normal flora, especially with regard to 
the higher fungi, about which very little is known. In order 
to determine whether the body has been infected exogenously, 
one must know what organisms to expect as regular inhabitants. 
The important factor is that the body must guard against the 
invasion of these pathogenic fungi by maintaining all of its 
barriers t o infection. 
Freedom from infection with the normal flora dep-ends to 
some extent on the condition of the body as regards fatigue. 
Bacteria and other fungi can invade the body more easily when 
the individual is exhausted, even though he is in perfect health . 
(Cecil, 1925, and Kopeloff, 1926). Specifically, there seems t 
be a general b~lief that people "catch cold" more easily when 
they are tired. The development of tuberculosis is favored by 
fatigue from overwork or lack of sufficient rest (Williams, 193 ). 
Lee (1918) refers to the clai@ that fatigue had a larger share 
in the promotion and transmission of disease than any other 
single causative condition. 
The skin is the body's first line of defense against 
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would-be invaders, but this is true only when the skin is 
clean and intact. Dirty or greasy skin lacks the germicidal 
action of clean skin. This was shown by an experiment in which 
broth cultures were placed on the skin. In 10 minutes, on the 
clean skin, 90-95% of the bacteria were killed; on the unclean 
skin, however, they lived many hours (Meredith, 1941). This 
auto-sterilizing property is quickly lost after death (Greaves 
and Greaves, 1946) . A .. mere break in the skin is enough to allo 
the normal potentially pathogenic flora to invade the body and 
multiply, causing infection (Haggard, 1938). Referring to 
chance infection by normal flora, Woodhead said in 1891, 11 very 
numerous are the cases recorded in which death has resulted 
eyen from the most trifling operations in the mouth and naso-
pharynx.11 No pinprick, therefore, is to be regarded lightly, 
lest the unseen enemies waiting for a chance to penetrate into 
the tissues, find a portal of entry suddenly thrown open to the 
The variability of the flora of the normal body Jis, per-
haps, most evident in the alimentary canal, from which a great 
variety of bacteria and higher fungi have been isolated. The 
agent of . tetanus, Clostridium tetani, is among those naturally 
present, capable of infecting a wound and thereby giving rise 
to the gravely fatal disease, lockjaw. 
The organisms of actinomycosis may also be found in 
healthy individuals, lodg ed in the tonsillar crypts. If these 
organisms are introduced t-hrough wounds, they may cause actino-
mycosis (Woodhead, 1891). The typical actinomycotic infection 
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is called 11 lumpy jaw" and involves the neck and lower jaw tiss-
ues, causing severe injury (Burdon, 1939). 
Thus, it is evident that pathogenic varieties of not 
only bacteria but also of the higher fungi are found in the 
normal body. In the present thesis, the occurrence of the 
latter, i.e., of yeasts, molds and actinomycetes in normal 
subjects will be discussed. 
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II - HISTORICAL 
In the Ebers Papyrus, written about 1500 B.C., (actu-
ally containing material which was centuries older, according 
to philological evidence), there is the first mention of fungi, 
in the reference to "Yeast-of-Beer-that-is-Fermenting. 11 In 
the introduction to the English translation of that work, it is 
stated that the incidence of tartar formation, caries and al-
veolar abce9ses in the remains of people buried aroun~ the 
year 2800 B.C. was as great ~s that in Europe in 1930. 
As early as 1543 A.D., Fracastor conceived of organ-
isms too small to be seen, considering them to be the cause 
of dental cavities. The first bacteria seen by the human eye 
were some from the mouth of Leeuwenhoek seen by him in 1683. 
According to Fisher (1936) yeasts and fuhgi were among the 
first organisms described in the field of scientific research 
early in the seventeenth century. One possible explanation is 
that yeasts and other fungi are considerably larger than most 
bacteria. 
The name 11 Monilia 11 first appeared in 1751 in Hill's 
"History of Plants" describing a plant pathogen "Consisting of 
a pedicle supporting a n.umber of naked seeds, arranged together 
in series like the !beads of a necklace." Gmelin (1791) 
described Monilia, but the name apparently was not accepted at 
that time, because Persoon (1794) created the genus and named 
twelve species. The fungus thus named is the imperfect stage 
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of an ascomycetous plant pathogen , (Skinner, 1947). However, 
the Monilia (Candida) considered to be the agent of thrush, is 
a yeastlike organism without ascospores, sometimes forming 
mycelium (Henrici, 1947). Its yeastlike property was first 
recognized by Hansen (1888). Appearing as a creamy white 
growth with an odor like that of yeast, on macroscopic examina-
tion, the cells, microscopically, are round or oval, repr.oducin , 
by budding. 
Todd (1937) credits Robin (1853) with isolating and 
naming Oidium albicans (which i~ probably, the yeast-form of 
~he organism, without mycelium). The agent of thrush is said 
to have been named by Langenbeck in 1839, and by Hansen in 1888 • 
.According to Wolf and Wolf (1947), medical mycology 
began in 1839 when Schoenlein associated a fungus with the 
disease favus, a form of ringworm. Remak named it Achorion 
Schoenleini six years later. The same year, Malmsten used 
the generic name Trichophyton for ringworm pathogens. 
Buhlman (1840) called thread-forming bacteria 11 fibers," 
but expressed no opinion as to their nature (MacNevin and 
Vaughan, 1930). 
Little important work in the study of fungi was done 
before Sabouraud began his studies in the years following 1890. 
His book, 11 Les Teignes," in 1910, marked the l;>eginning of 
modern mycologic investigation, and is the foundation of the 
studies of today (Wolf and Wolf, 1947). 
In 1903 Goadby published his 11 Y..ycology of the Mouth11 
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===+ I in which he attributed to the environment the responsibility 
I for a varied mouth flora. He noted that some of the normal , 
mouth organisms could produce acid by fermenting carbohydrates. 
His second book, in 1931, summarized the postulates about den-
tal caries. 
Among the recent works, the excellent treatment of 
yeasts, molds and actinomycetes by Henrici (1947) is outstand-
ing. The "Military Medical Manual of Clinical Mycology," 
(1945), prepared under the auspices of the Divisimn of Medi-
cal Sciences of the National Res.earch Council, is a useful 
handbook for clinicians and mycologists alike. Also deserving 
of mention is the section on the pathogenic fungi in the second 
volume of Wolf and Wolf . (1947). 
Iviost of the fungi known to be pathogenic for man belong 
in the class Fungi Illlp.erfecti. Fungus diseases which are fatal 
to man are numerically important) according to the Vital Statis- 1 
tics of the United States for 1942 (quoted from Henrici, 1947). 
Three hundred and fifty-nine out of 1, ·385, 187 deaths in man 
were caused by mycoses, and though this is less than 0.03 per 
. I 
cent of the total, it is more than half the number of deaths 
I caused by either tetanus, typhoid, or polioencephalitis and 
I poliomyelitis; more than the typhus-like diseases all taken 
I 
\
1 
together; .and almost twice the n\11!!ber of those caused by para- I 
typhoid fever, undulamt fever, smallpox, rabies, leprosy, plagwell 
II i cholera, yellow fever, and relapsing fever. However, the en-
forcement of measures to control the spread of some of the 
I 
! 
II 
II 
:\ 
II 
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,, 
diseases mentioned accounts for their smaller incidence. 
!I 
As for the non-fa tal mycoses, it is stated in the pre- :j 
I, 
face to the 11 Manual of Clinical :Mycology11 (1945), 11 Fungus in-
fections are of such common occurrence that we have found it 
necessary to consider mycotic di~ease in the differential 
I 
I 
II 
diagnosis of practically every obscure infection. 11 For e•am- !'j 
ple, actinomycosis is a chronic disease of world-wide incidence ~ 
jl 
in fact, of such widespread incidence that Cope (1938) has ]I 
said: 11 •••• wherever there is a microscope and a laboratory, ,, 
I, 
II 
the fungus has been found to be the cause of disease." 
Coccidioidomycosis, perhaps the most highly infectious 'I 
'I·  systemic mycosis, is acquired by almost all who live in an 
:
1
1 endemic area. In Arizona, 75 to 97% of the ch1ldr.en in Indian \, 
,
1 
reservations evince a positive reaction to coccidioidin. (Co- 11 
ij nant et al, 1945). 
1
1 
'
1 According to Casterla.ni ( 1926), over 20% of the tropi- :1 
,, 
cal maladies are fungus infections.- I. 
Tinea capitis, a non-fatal disease, is now called by I 
Lee (1948) an epidemic communicable disease, a problem in ! 
public health. ]I 
Lesions of probable dermatophytosis were found in so% Ill 
or more of troops inspected during the recent war. Upon micro-
, scopic examination, fungi were found on 30-50% of the men. 
(Hopkins et al, 1944) Foot infectidms are more common among 
' I~ 
men than among women. This may be due partly to the fact that " II 
I'. 
men visit gymnasiums, public showers, and swimming pools . more 1 
I 
I 
1 
I 
I 
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The higher incidence among men is shown by the 
following figures which indicate the percentages of freshmen at 
the University of California who had ringworm on their toes: 
I 51% of men, and 15% of women. 
I 
I, Thus we see that the non-fatal mycoses are perhaps as 
\ 
I 
common as any bacterial infections, and are deserving of atten- \' 
I 
I 
tion so that they may be detected and cured, and, whenever 
possible, prevented. 
The @ajority of fungus infections are of endogenous 
origin; i.e., the organism responsible for the infection is 
present on the healthy skin, mucous membranes, or hair, what-
ever the case may be. Then, when the natural barriers to in-
i fection are lowered, the host becomes infected. For example: 
j actinomyeosis is caused by Actinomyces bovis, believed not to 
r 
I exist outside the body : (Wright, 1905) ; the common groin in-fections are due to pathogens living on the feet in quiescent 
foci : ( Sulzberger et al, 1942); moniliasis, a disease of the 
mucous membranes is caused by Monilia albicans, shown to be a 
constant inhabitant of the normal mouth, throat, intestine, and 
I vagina. The normal flora, therefore, possess~s an innate threa 
~ 
~ ~ 
to the continued good health of the host, because of its poten-
tial pathogenicity. 
'· 
THE HAIR AND SCALP 
-15 ... 
III - NORMAL FLORA 
EXTERIOR OF THE BODY 
Little recognition has been made of living organisms 
on the scalp and hair. In most books written about the hair, 
the emphasis has been on maintaining good circulation to the 
scalp, on keeping the hair well-groome d, on restoring a proper 
oil condition, and other such points which tend toward improved 
appearance. 
The apparent misconception that clean hair and scalps 
are free from living organisms is not correct, however. On the 
contrary, many fungi, namely Aspergillus, Rhizopus, Chaetomium, 
Mucor, Cryptococcus, Torula, Dematium, and Mycoderma, were 
found there, but there was no evidence of their pathogenicity 
(MacKee and Lewis, 1938). 
Only one pathogenic fungus has been isolated from the 
normal hair and scalp. Pityrosporon ovale, which is frequently 
associated with seborrhea and considered by some to be its 
cause, has been found in squamae, follicles, and sebaceous 
glands of scalps (Wolf and Wolf, 1947). It has been found 
in representatives of all types of scalp cohditions, and in 
70% of normal scalps, present in the same degree on . norn~l and 
diseased scalps. The organ isms were absent from only two cases 
out of sixty with abnormally dry or oily hair (MacKee and Lewis 
1938). 
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According to Henrici (1947), the experimental data 
which are cited to prove that P. ovale is the cause of 
seborrheic dermatitis were based on an erroneous identification 
of the organisms used. Some of the evidence cited for the 
probable pathogenicity of P. ovale was presented by Moore and 
Kile (1935). They inoculated animals intradermally, with a 
saline suspension of the organisms, or percutaneously, by 
scratching the skin. They also inoculated humans by auto-
inoculations into their chests and axillae. Percutaneous 
inoculations caused dermatitis 50% of the time, and when 
lipid salve was used, the percutaneous inoculations were 
successful 85% of the time. Intradermal inoculation produced 
erythema in 75% of the cases. Auto-inoculation was successful 
in 50~ of the cases. Controls were neg~tive in over 90% of 
cases. From the results of this investigation, it is evident 
that P. ovale is pathogenic for man, whether inoculated 
intradermally or percutaneously. Furthermore, P. ovale found 
on the individual's own scalp and hair may infect him when his 
resistance .is lowered, e.g., by a scratch or puncture. 
The skin is never entirely free from bacteria, whether 
it is clean or unclean. Many organisms may be found on the 
skin even after it has been scrubbed and even seemingly dis-
infected. A great variety of microorganisms, including yeasts 
and other fungi, may be isol a ted from unclean skin, especially 
from the hands (Burdon, 1939). 
l! 
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Not many kinds of fungi a re found on normal skin. 
Chiefly cryptococci and mycoderma ta (Goetriehum) were obtained 
from the skin and nails of 72 out of 100 normal young adults. 
(Benham and Hopkins, 1933). Monilia albicans was not isolat~d 
from any of these hundred subjects. In an earlier paper (1932) 
Benham said t hat M. albicans is t he only pa thogenic fungus 
found on normal skin. She sugge s ted that the other fungi 
isol~ted, namely M. candida, paraps i losis, Krusei, Mycoderma, 
Cryptococcus, Saccha romyces, c erevis i ae, Wi llia-anomala, are 
pro bably non-pathogenic. 
Croft and Black (1938) cultured the sk in of 100 normal 
p eople, finding 22% positive for f ungi, but known pat hogens 
were not found. The figure s of Jes s ner and Kleiner (1925) 
and Staehelin et al (1932), 60% and 75-BO% respectively, 
are considerably higher for the i ncidence of cases positive 
for f ungi. 
Some mycologists find it difficult to determine whethe 
the organisms which cause moniliasis are the same as those 
(Monilia) which are found on t h e normal ski.n (Hopkins, 1932). 
Several others (Burdon, 1939, Caro, · 1944 , and Benham, 1932), 
II 
I 
I 
I 
I 
II 
I 
jl believe that the typica l M. albicans is rarely present on , 
healthy skin, and t hat it is pathog enic when present, although 
~~I it is found in the normal gastrointestinal tract. r 
,I 
'I There are several factors which contribute to i nfectioJ · 
by t h e skin flora. Maceration lowers the skin's natural 
re s i s tance, allowing invas ion of pathogenic organisms. 
I 
II 
!I /1 
11
1 II ~-~~J~--~-~- -18- !I 
'j Profuse sweating or prolonged immersion in water (as in bat~~~~ 
I. 
I 
I' 
,J 
I· 
II 
is frequently followed by moniliasis of the skin, (Caro, 1944). 
This is probably due to the changing from more or less dr y t o 
moist condition, more conduci_ve to fungus growth. It is 
interesting to note the higher incidence of moniliasis of the 
hands among dishwashers and others whose hands are kept in 
moist surroundings due to their occupations. 
In a study of normal and pathological skin surfaces, 
Marwin (1948) found Candida LMonilia)albicans in 1.5% of 
normals, and suggested that they. were contaminants from the 
I mouth or intestines; he also found them in 6.4% of the 
;I 
lj 
il 
!I 
I. 
II 
,! 
pathological subjects, adding that possibly disturbed physic-
logical factors helped in the better growth of the organisms. 
Exogenous infection is believed unlikely in the 
production of ringworm of the groin. Sul~berger et al (1942) 
believe that the patients carry pathogeni~ fungi all the time 
· in quiescent foci which are able to infect the carriers when 
I 
ii 
I 
I 
I 
I 
their resistance to their own germs is lowered. In ten years' 
observation of ringworm cases, not one incidence of familial 
or conjugal transmission of this type of ringworm was noted. 
The important :; factor in infection of the skin from the 
fungi which the normal body harbors constantly is therefore 
seen to be the loss of local immunity, perhaps a generali~ed 
lowering of resistance, or a breakdown of the ordinarily I II 
i· 
impassible barrier, so that the body becomes the victim of its ~~~~ 
own natural organisms. 
I, 
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The feet provide a suitable environment for the rapid 
· I growth of microorganisms. Since they are encased for many 
hours each day in protective covers which prevent evaporation, 
they are rarely completely dry. For those organisms which may 
be microaerophilic, the conditions are excellent. The dark 
warmth encourages the growth of bacteria and fungi which may be 
there. 
As a result of the ideal conditions for the growth and 
multiplication of fungi, we should expect to find dermatophyt-
oses of the feet among the most prevalent mycoses. This high 
incidence is very evident in the report released by the United 
States Army Medical Department which indicated that so% or more 
of the troops inspected showed lesions of probable dermatophyt-
osis of the feet. The fungi were recovered from 30- 50% of the 
men (Hopkins, et al, 1944). 
Dermatophytosis of the feet may be contacted at any 
age, presumably, although it is seen to be relatively rare in 
children (Caro, 1944). Men have been found to be more suscep-
tible than women. This is borne . out by the results of a compul 
sory pb.ysical examination of freshmen at the University of 
California, which indicated that 51·% of men and 15% of women 
had ringworm on their toes (Legge, 1931). The greater suscep-
tibility of men may be expected, due to the different gymnasium 
habits, or to the fact that many women wear bathing slippers 
in public pools and showers, or to the fact that the men were 
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mobilized during the recent conflict, · therefore making for 
more contact with infected persons. 
However, Trichophyton mentagrophytes, the varieties of 
which cause dermatophytosis of the foot in man, may grow for 
months or years in the nails or epidermis before subjective 
symptoms are noted (Henrici, 1947). The ultimate infection may 
be due to altered resistance of the host, or to a change in the 
environment of the saprophyte as it is growing in the inter-
digital spaces of the foot, or, perhaps, to some other factor. 
Infection with ringworm fungi may depend on a certain 
predisposition of the subject, since conjugal and familial 
transmission is rare. In ten years' cases, Sulzberger et al 
(1942) found no instance of it. To substantiate their findings 
by means of the confirmation of others, they sent questionnaire 
to dermatologists, who were active members of the American 
Dermatological Society, analyzed their replies and found 
agreement with their own ideas. Eighty-eight replied and re-
ported only four cases of proved conjugal or familial trans-
mission of ringworm infection of the feet or groin. They 
(Sulzberger et al) believed that alterations in host suscep-
tibility were to blame for the infection from quiescent foci 
found at all times on the feet. 
THE EARS 
There has been much controversial opinion expressed as 
to the presence of pathogenic fungi in the normal ear. The 
main points brought out in the literature, some of which are 
e. 
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contradictory, are five in nu~ber, namely: l) that the normal 
flora of the ear does not include any fungi, pathogenic or 
otherwise; 2) that fupgi are not always present in suspected 
otomycoses; 3) that where fungi are found in infected areas, 
they are of minor importance, since bacteria are the causative 
agents of the disease; 4) that fungi are found in diseased ear 
and not in normal ears, and, therefore, are important, either 
primarily or secondarily; 5) that fungi are of etiological 
importance in otomycosis, and, being present in the normal ear, 
are able to cause otitis when the resistance of the host is 
lowered. 
By far the greater bulk of evidence tends to support 
the belief that pathogenic fungi are not found in the normal 
ear (Storey, 1930, Williams, 1937, and Burdon, 1939). However, 
some later literature (Conant et al, 1945, and Sharp and John, 
1946) does hold to the tenet that the agents of otomycosis may 
be found naturally on the skin, able to invade the ear under 
optimum conditions. 
The fungi most often blamed as the agents of otomycosis 
are Aspergillus species, namely niger, flavus, terreus, and 
Scopulariopsis. One author (Salvin and Lewis, 1946) isolated 
Actinomyces israeli from lesions of the auditory canal. Accord-
11 ing to Cohant et al (1945), Candida (Monilia), Rhizppus, Actino 
myces, Mucor, and Penicillium have also been suggested as the 
causative agents, but these fungi were not shown to be isolated 
from otomycosis when oth~r mycotic infections were absent from 
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the body. One case of moniliasis of the external auditory 
canal has been reported, probably a contamination from the 
intestine or vagina (Dobes, 1943). 
No fungi were isolated from twenty-five normal ears 
cultured by Salvi~ and Lewis (1946). Aspergilli (often con-
sidered to be of etiological importBnce in otomycosis) are re-
ported to be relatively absent from normal ear canals and skin 
by Minchew, Collins, and Harris (1940). In the discussion of 
that paper, the auditory canal was pointed out as an ideal spot 
for fungus growth, especially when the natural wax is removed 
by objects put into the ear. Ordinarily the wax (cerumen) is 
inimical to the growth of fungi, perhaps one reason for the 
scarcity of fungi in normal ears, if this be so. 
With regard to the removal of excess cerumen, it is not 
uncommon to see people use hairpins or other small objects to 
remove the wax. They little realize the possibility of carry-
ing harmful organisms into the ear, or of injuring the epithe-
lium, offering a portal of entry to microscopic opportunists. 
Probably less damage wou d be incurred due to the excess of 
cerumen than to its removal by unskilled individuals (Williams, 
1937). 
It is interesting to note that in 75 cases of otitis 
externa, no fungi were found (Greaves, 1936). This would seem 
to argue against the belief that fungi are found normally in 
the ear, since the apparent lowering of the local resistance 
would tend to encourage secondary infection with the saprophyte . • 
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Fungi have been found in only 9% of cases of dermatitis 
of the ear (Willi~s, Montgomery and Powell, 1939 ). On the 
other hand, s t r eptococci and staphylococci were isolated from 
66% of cases. These authors conclude that the bacteria are of 
primary concern in the infections, and that the fungi are 
secondary invaders, adding to the irritation. This beli ef is 
supported by Benham (1935). Bacteria alone were isolated from 
84% of 100 cases of otitis, in another investigation; fungi 
alone from s%; and both bacteria and fungi from s%.(Salvin and 
Lewis, 1946). The uninfected ears of pati.ents with unilat-
eral involvement were dultured for fungi and no fungus was 
isolated. The authors were not certain that any of the organ-
isms isolated were t he causative agents of the diseases, but 
the fact that the flora of the normal differed from that of the 
diseased ear of the same patient indicated possible etiology or 
secondary infection. 
That the agents of otomycosi s may be found almost any-
where on the normal body, existing as saprophytes, has been 
stated by Conant et al (1945). Straihs of A. niger, A. flavua, 
and A. scopulariopsis which were isola ted from ot.omycosis did 
not appear to have unusually toxic properties, and, therefore, 
were not deemed to have been toxic in the inflammation (Sharp 
and John, 1946). This would suggest the possible variation in 
the properties of the organism on artificial media. A further 
pos s ibility is that the organisms were merely harmless sapro-
phytes in the role of secondary invaders, or that there are 
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varieties of these species of Aspergilli which are non-patho-
genic, but similar to the pathogenic ones in every other respec • 
THE G&~ITALIA 
The external genitalia have a varied flora, consisting 
of both aerobic and anaerobic types. Particularly in the fe-
male many different kinds are found, including yeasts (Peckham, 
1925, and Burdon, 1939). 
The vagina has a more or less limited flora due to the 
acidity of the secretions present. ~nong the organisms found 
is the pathogenic variety of Monilia, Monilia albicans, which 
can give rise to vaginitis (Stovall and Bubolz, 1932). This 
organism has been found to be present in pregnant and nonpreg-
nant women (Jones and Martin, 1938). It is present in a sig-
nificantly large percentage of women with no apparent irrita-
tion, so that it is properly considered a normal and constant 
inhabitant. 
Vagihal thrush or moniliasis of the mucous membranes 
occurs often in pregnancy (Henrici, 1947). The mycosis, which 
assumes a mild form, may or may not occur simultaneously with 
an anal infection (Jordan and Burrows, 1945). 
According to Dodge (1935), M. albicans is especially 
likely to be a constant inhabitant of the vagina of a diabetic, 
due to the presence of sugar in the urine. The sugar offers a 
predisposing factor for moniliasis of the vagina. This is in 
harmony with the property of Monilia by which it thrives on a 
medium with enough sugar to inhibit most bacterial growth. 
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Mothers may infect unborn infants with Monilia. It has 
been found that children of mothers with positive vaginal cul-
tures of M. albicans more frequently harbor that organism in 11 
I' their mouths, and it becomes a. part of their normal flora earli-
" 
1 er in life than usual. (Anderson et al, 1944) 
THE EYES 
The eyes are triply protected from the invasion of 
II 
!I 
:I 
II 
microbes. Mechanical barriers, the eyelashes and eyelids serve Jl 
to stop many organisms which would enter the eyes from the air. 'I 
lj 
Another barrier, a combined mechanical and bacteriolytic 
1 cleanser, is the tears. (Jordan and Burrows, 1945} However, 
'I II 
I 
II 
1 according to the same authors, the substance, lysozyme, present 1
1 
I 
,l in the tears, is ineffective against pathogenic organisms, so 
.j 
!1 the bacteriolytic ~ction of the tears is probably negligible. 
I . 
" Burdon (1939) considers the bactericidal power of the tears as 
I adequate against mildly poisonous organisms, but not against 
highly virulent ones. 
1 It is generally agreed that the eyes contain very few 
I 
,, 
~ bacteria. Greaves and Greaves Ll946) list Corynebacterium 
~1· xerose as a normal inhabitant of the conjunctival sac, and Bur-, don (1939) states that C. xerose, Staphylococcus albus, and a 
few other organisms may be found there also. In my perusal of 
!i literature regarding the occurrence of pathogenic fungi, I saw 
:1 no mention of any ifungi ' of · any description being part of the 
normal flora of the eye. 
I' !I 
I 
I 
'I 
\I 
:I 
Jl 
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INTERIOR OF THE BODY 
11 La mort entre par la bouche, 11 an Arabian proverb, is 
quoted by MacNevih and Vaughan (1930), and placed in a notable 
position in their book on ~outh infections. 
In contrast to the nose and other areas which offer 
rewistance to invasion by bacteria and higher fungi, the mouth 
present s almost optimal conditions for microbic growth. The 
1: 
I 
I 
II 
I 
i 
II 
II 
I
ll 
,I 
I! 
d 
I' 
criteria established by many types of organisms regarding tem- 11 
perature, moisture, food, oxygen, and acid-base requirements, lj 
I 
are duplicated in the ordinary mouth environment. True, saliva ij 
I 
I 
is reported to be slightly bactericidal, but its effect is not j 
I great enough to discourage the host of organisms which would be l 
identified as the normal flora of the mouth. The mechanical I 
I I 
11 rinsing action of ·the saliva is probably the greatest single 11 
factor in keeping the numbers of mouth microorganisms in check. \ 
I An experiment by Tureaky and Bibby (1944) in which they · tested I 
ij II the efftcacy of several different substances in ridding the 
I I 
' I mouth of yeasts, seems to indicate that the rate of salivary 
1 flow determines the efficiency of the removal of microorganisms 
I 
1l from the mouth. If the saliva secretion fails for some reason, I 
I I \ the lining of tne mouth as well as the gums, teeth and tongue, 
soon become coated by the unhampered multiplication of the 
bacteria present. (Burdon, 1939) 
T 
II 
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In view of the facts mentioned above, it would be 
I . 
II interesting to note how many of the normal mouth organisms are 1j 
I 
I 
able to invade the tissues when given an opportunity. It has I 
been well established by practically every writer on the sub-
ject of normal flora, that pathogenic organisms occur in nor-
mal mouths. It is equally interesting to note that mouth in-
fections are comparatively rare, although inJuries to the gums 
and other mucous membranes are common. (Burdon, 1939) However, 
one disease, caries, or the rotting of the teeth, the etiology !i 
of which has been ascribed to many divergent factors, among II 
·I 
them the normal flora, is wel l known. The possible . causative 11 
agents will be discussed in detail in a later section, 1: 
Despite .the ideal environment of the mouth for microbial 
I! growth, only two typ'es of fungi are normally present, actino- !i 
'I mycetes and yeasts, or yeastlike fungi. I. 
Since the actinomycetes may be mold-like and bacteria- 1 
:I 
like, they are considened to be a separate group of fungi be- 11 
tween the molds and bacteria, and probably closer to the latter ! 
t: (Lieske, 1921) Leptothricia buccalis, a filamentous actino- II 
mycete, and Cladothrix placoides ~re found in the tartar on the ~ 
t 'eeth, and are believed by some to be responsible for dental il 
,j 
caries. (Kligler, 1915) There seems to be little confirmation I 
of this assumption in the literature. 
1
j 
Many authors cite Actinomyces as a constant inhabitant 1/ 
1 of the mouth. Among those who .believe ih the endogenous origin ! 
. I 
of the disease, actinomycosis, is Henrie! (1947). He states 
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that only one species of Actinomyces, A. bovis, exists, though 
others are named. 
Actinomycosis occurs when resistance is lowered, and is 
not passed from man to man. The fact that A. bovis grows but 
poorly oh ordinary culture media and requires the temperature 
of t h e body, supports the view that this organism 1s not found 
outside the body (Wright, 1905). 
Actinomycotic lesions sometimes follow tooth extrac-
tions (Sullivan and Goldsworthy, 1940), and wounds inflicted 
by the bite of human teeth have resulted ·in infection of the 
hand with actinomycosis (Rosebury, 1944). The organisms, 
therefore, need only to be given an entrance to the tissues in 
order to i nfect them. Oral hygiene grows in significance when 
one realizes the ever- present threat proffered by pathogenic 
fungi numbered among the normal organisms. 
In an investigation by the writer of the incidence of 
yeastlike fungi in normal mouths, in which Sabouraud agar 
plates were streaked with swabs from around the teeth, only 
ohe culLure out of fifty yielded an organism similar to the 
actinomycetes. The organism was a non- acidfast, obligate 
anaerobe, with a fine, tangled mycelium. The subsequent 
anaerobic subculture failed to keep the organisms alive. The 
extremely low incidence of actinomycetes may be attributed to 
one of two possible reasons: 1) failure to recognize the 
bacteria-like colonies, or 2) the reported inability of 
actinomycetes to grow on Sabouraud agar, which was used 
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exclusively. 
It is generally accepted that the pathogenic yeastlik e 
organisms which are found most frequently in normal mouths are 
Monilia albicans. Knighton (1939) found that of the 36.9% of 
normal oral cavities which he found positive for yeas tlike 
fungi, 64'% were M. albicans. Only 15.4% of the original number 
harbored this organism constantly. 
In a study of 1000 normal subjects, Todd (1937) found 
that 18.2% of females and 9.3% of males were positive for 
Monilia albicans. The higher incidence among females was 
unexplained. The percentage positive in the whole group was 
14~. 
The :Imverse relationship between age and percentage of 
positi ves a mong chi ldren is shown by the figures from Epstein 
(1924). Among 2-to 6- week infants , 54% were positive; in the 
6-week to 1-year group 46.5% were positive; and in the 1- to 
6-year group 38.5% harbored M. albicans in their mouths and 
throats. The fact that the mouth of an infant may harbor the 
s a me flora as the vagina of the mother has been referred to 
previously. 
Peckham (1925) reports that of 19 yeasts isolated from 
infants' mouths, 14 were pathogenic Monilias. Anderson et al 
(1944} states that thrush occurred only in those infants 
' 
positive for M. albicans, and not in those positive for other 
species of Monilia. The swabs remained positive several months 
after the dlsease symptoms were gone, so it is safe to assume 
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that a flora had been established at that early date. 
In an investigation begun by Sullivan (1946) and con-
tinued by the writer, 125 healthy college students were studied 
for the presence of yeastlike fungi in their mouth, swabs 
being taken from around the teeth. The resulting percentage 
positive, 39.4%, is higher than any heretofore reported; of 
the positives re-studied, 14 out of 17, or 82%, were found 
again positive, an indication of the permanence of the findings 
DENTAL CARIES 
The problem of dental caries is one that faced people 
at least as long ago as 1500 B.C., when the Ebers Papyrus is 
believed to have been written. In the introduction to the 
tra~slation of that work, caries and tartar formation were 
reported to be just as prevalent among the people buried about 
2800 B.C., as it was in Europe in 1930. 
The incidence of caries was believed to be muc~ 
higher among civilized races in 1909 when Mummery stated that 
the attack rate was less than 1% among Eskimoes and 20.8% 
among Negroes, whereas among European races, it was pr~bably 
over 95%. These figures are quite si\l'lilar to those cited by 
Kopeloff (1926), who attributes to the diet of civilized races 
the cause of caries. Tropical inhabitants who have incorporate 
the soft diets of the white races have likewise acquired the 
same high caries incidence (McCole, 1930). 
Meredith (1941) states that one in every five who 
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applied for the U.S.Navy were rejected because of bad teeth or 
other faulty mouth conditions. Caries among college students 
was reported to have increased, according to Brekhus in a sta-
tistical survey in 1941. An increase among Georgia children is 
reported by Hagan ( 1947) .• 
The fine condition of the teeth of some native races, 
such as the Zulus and Kaffirs, was attributed to the assiduous 
care taken by the mother after every meal, at which time sh.e. 
rinsed the mouth of the child using wood ashes to clean the 
teeth (Goadby, 1903). 
Many investigators have worked to determine the cause 
or causes of dental caries. Since the time of Hippocrates, 
theories have been advanced in an attempt to offer some 
resistance to this very prevalent disease of the teeth. Many 
factors, including general constitution, diet, oral environ-
ment, and oral flora, have been considered. 
Fracastor, as early as 1543 A.D., conceived of invis-
ible organisms as the causative agents of ca.ries. Miller (1890 1, 
stimulated by the research of Koch (1878), demonstrated that thE 
primary cause was probably the production of acids by the 
bacterial fermentation, and the consequent dissolution of the 
lime salts of the teeth. But there i s much substantial 
evidence that dietary and other factors are to be considered 
as predisposing to caries activity. 
The constitution of a child is determined partly by 
his nutrition in the formative years and partly by the 
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nutrition of his mother before he is born. Calcium, for exam-
ple, must be present in sufficient amounts before birth for 
sound tooth formation (Williams, 1937). A survey of dental 
records and corresponding constitutional factors such as sta-
ture, racial stock, and other such data, revealed a slight 
positive correlation (r=f0.28) between ·the number of damaged 
teeth and height, body build, etc. 
According to some authors, perfect teeth are assured 
the individual whose supply of vitamin D, from all sources, is 
adequate for proper calcification of the enamel.(Mellanby, 1937 • 
Thia belief is apparently shared by Boyd et al (1929), who 
reportedly arrested caries by supplying vitamin- and mineral-
rich diets. 
The role of the diet in caries prevention is attested 
to by Buntin et al (1930); evidently the diet was held to 
supply the substances needed for enamel development. But later 
studies by Hubbell and Bunting (1932) indicate that the 
calcium and phosphorus content of saliva ih children 7 to 16 
years of age is not related to caries. 
Ironically, however, a lack of vitamin B is indicated 
as a caries preventive in a paper by Kniesner et al (1942). 
The authors made repeated examinations for caries in patients 
suffering from diseases of vitamin B lack, such as pellagra, 
beriberi, etc., and found them to have a low incidence of car-
ies, and a simultaneous low lactobacillus count. These 
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individuals had generally poor oral hygiene and were on a high 
carbohydrate diet. Subsequent analysis of their saliva did not 
reveal a significantly high fluorine content to account for the 
lower caries incidence. This evidence is seemingly supported 
by a report presented by Fancher et al (1944) that vitamins of 
the B complex take part in the metabolism of carbohydrates, 
producing acid, which subsequently dissolves enamel. The 
authors admit that the amount of vitamins used in the experi-
ment is higher than would be naturally found in the subjects' 
saliva. Only vitamin K was found to decrease the acid content. 
Prominent among advocates of microbic flora as a potent 
factor in caries is Miller,(l890), who was first to point to 
microscopic organisms as causative agents of caries. Ross 
(1926) states that if the mouth were sterile, there would be no 
dental decay. Hine and Bibb:~,.- (1939) have stated that the oral 
flora vary from time to time, but Appleton (1938) suggests 
that for a given individual, the flora is relatively constant. 
He states that individuals differ in the rate at which they rid 
their mouths of artificially introduced bacteria, possibly 
because of the different anti-bacterial power of their saliva. 
Mon1lia albicans was found inside a decayed tooth, 
according to Bhat and Shetty,(l946). The investigators suggest 
its possible etiology in caries and state that this is the 
,- first time that this organism has been reported to be present 
in a tooth. Previously, Lactobacillus odontolyticus had been 
demonstrated far beneath the enamel (Rodriguez, 1923). 
I 
l 
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There is a popular belief tha t the production of ac i d 
is an important factor in denta l cari es, either primarily or 
secondarily. Bunting (1930) has said that all initial lesions 
of caries contained ba cteria which are capable of producing 
acid and withstanding the acid they produce. He admits that 
' I 
I 
I 
II 
II 
the occurrence of caries is not necessa rily determined by the i
1
, 
!' 
I presence of these organisms, but it is favored by their growth. \ 
~~~ I ll The ammonia content of the saliva of caries-free 
I, people '\vas declared higher than . t hat of caries-,susceptible I 
II 
II 
people (Grove and Grove, 1935). Thia basic compound is 
supposed to retard plaque formation, so that the lactobacilli 
I 
I 
I 
.I 
\. 
I' 
•I are not held in contact with the teeth. The neutralization of I 
acids by ammonia is, no doubt, the essential mechanism in its 
caries-reducing action. Stephan (1940) has seen that a rapid 
fall in pH of the ba cterial plaques oh tooth surfaces down to 
I 4.1 occurs after ingestion of carbohydrates. The pH rises in 
20-6Q minutes, back to the normal 6.0 or 7.0. He indicates 
--r-
1 
the buffer action of urea in forming ammonium carbonate in 
saliva as being a factor in decreasing the amount of acid 
present. 
The degradation of carbohydrates with the accompanying 
acid production has been inves tigated ·oy Fosdick and Hansen 
(1936). They recognize two schools of thought on the role of 
carbohydrates in caries production: 1) that the oral flora 
produce acid, their growth being promoted by a high carbo-
hydrate diet, and 2) that carbohydratea change the environmen t 
I 
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of the teeth by changing t h e saliva, but the latter dietary 
role is not quite clear. To prove for t h emselves that mouth 
organism s produce acid able to dis s olve enamel they shook 
powdered human toothena.mel with saliva and glucose. The 
enamel was dissolved, as was evidence by the increased calcium I 
and phosphate ions. The presence of sodium fluoride halted t hJ 
dissolution of the enamel. Cultures made of the saliva yieldeJ 
I 
yeasts which were later on shown to be responsible in a large 
measure for the acid production. Sa liva with only L. acido-
Philus in it dissolved no enamel. Th e symbiosis of yeasts and 
B. acidophilus produced more acid than the yeasts alone~ Fos-
dick and Hansen -refer to t h e small number of references to 
yeasts in dental literature. Incidentally, Bradel and Blayney 
(1940) found that 900 individuals out of 4000 had no lacto-
bacilli in t heir mouths, although all had caries activity. 
Yeasts were found to be "more numerous than might be 
expected11 in a study of plaque composition (Bruckner, 1948). 
Yeasts had been previously reported to be in 10% of plaques 
from cari ous areas by Hemmens et al (1941). 
Variations in t h e pH of saliva had be~n studi~d by 
Brawley in 1935. He concluded t hat the normal resting saliva 
was slightly acid, as it was after meals, and that the diet 
changes tbe pH of t he saliva. He did not make any study with 
regard to caries-free and caries-active individuals. In t h e 
present investigation, 45% of tbose positive for yeastlike 
organisms had a salivary pH below 7.0 as contrasted with 38% ofl 
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negatives. The figures are not significantly different. How-
ever, there does seem to be a slight tendency for lower pH to 
be associated with the presence of yeasts. The pH of the 
saliva would not necessarily be indicative of caries activity, 
since the reaction of the area of the tooth to which the 
bacterial plaque is closely applied, is the important considera 
tion. 
The initial pr.oduction of acid by yeasts identified as 
Candida (Monilia) albicans was found to change in 4 to 30 days 
.
1 
so that the terminal reaetion was alkaline (Snyder and Clark, 
I 
1948). In a study of acid production by the yeastlike organ-
isms isolated in the present investig ation, the pH of the 
medium was found to be lower after one day, and also after ten 
days. There was no indication of a change to the alkaline 
side. 
Since the pH drops so low and so rapidly after the 
consumption of the carbohydrate, with the maximum acid pro-
duction reached in 20 to 30 minutes (Stephan, 1940), this is 
considered the duration of the caries attack. Kesel (1948), in 
his suggestions for the control of caries, recommends the 
brushing of the teeth as soon after eating carbohydrates as 
possible. He stated that reduced intake. of carbo~~drates 
would likewise reduce caries. According to his estimate, in 
~ this country alone, eight and one-half long tons of sugar, 
averaging 140 pounds per person, will be cohsumed next year. 
In an experiment in which a carbohydrate limiting diet devised 
l e 
I 
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by the Michigan State Department of Public Health was consumed, 
the lactobacillus count went down to zero in six weeks. The 
subjects then returned to a regular diet, and remained caries-
free for periods lasting from 6 months to 2 years. 
In the present study an attempt was made to correlate 
the presence of yeas:tlike organisms wi.th caries activity. With 
5 fillings or over in the last 2 years as the criterion, 61% of 
those positive for yeastlike organisms was contrasted with 44% 
of those negative for the fungi. These figures would seem to 
indicate a slight tendency for caries active individuals to 
harbor yeastlike fungi, although the difference is not too 
significant statistically. No correl ation between caries and 
the presence of yeastlike fungi could be reported by Knighton 
(1939). The report of Rosebury (1937) in which he states that 
yeasts were found in 30.5% of caries ca ses, as against 2.3% in 
caries- free cases, in a survey he made, shows a strong tend-
ency for yeasts to be found more in individuals with carious 
teeth. 
Morishita (1929) cultured plaques of regions suspected 
to be developing caries and found acid-formers there in con-
trast to non- carious regions. Among the plaque organisms, 
actinomycetes are frequently reported to be a very common 
component. They are · said by Rosebury (1944} to produce acid 
from carbohydrate fermentation, as do yeasts, which are found 
in 10% of plaques (Hemmens et al, 1941). However, Jordan and 
Burrows (1945) believe that the actinomycetes may act merely 
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as bacterial traps. 
The methods of caries control suggested by Kesel (1948), 
some of which have already been stated, are directed toward 
resisting the acid produced by mouth organisms, or to ridding 
the mouth of aciduric organisms. Briefly they are: 1) decrease 
the sugar intake; 2) brush the teeth soon after the carbo-
hydrate consumption; 3) use vitamin K or other enzyme poisons; 
(preliminary work suggests that caries is reduced, but this 
substance may be toxic) 4) make the tooth less soluble in acid 
by supplying fluorine in the drinking water (studies on 
artificial fluorination are not yet complete); apply fluorine 
topically (probably helpful only to children); precipitate zinc · 
chloride with potassium ferrocyanide to fill the grooves on the 
tooth surface so that organisms will not be harbored there, 
(preliminary results indicate an arrest of caries, but further 
confirmation is needed); 5) neutralize the acid by introducing 
artificial alkalinizers; and 6) ' use anti-bacterial agents such 
as awnonia by putting a substance which would liberate that 
compound into a dentifrice or mouth rinse. · 
Penicillin is being used now on dental students and 
orphanage children in Cleveland to see its effect on caries. 
No results are yet available, but Kesel points out that 
constant exposure to small doses of penicillin might build up 
a sensitivity to it or produce penicillin-resistance in the 
pathog enic organisms in the body. 
A final means of combatting caries, also still in the 
-39-
experimental stage, Solution 58, is reported of merit in 
Chicago. It makes use of an organic mercurial solution as a 
fungicide and acid reducer. Statis tically significant conclu-
sions are not yet available. 
The use of fluorine as a caries-inhibitor has been pro-
jected before the public eye in recent years. The evidence for 
its use seems to be well founded. Water supplies accid.entally 
fluorinated when t he ' source was changed from shallow~ fluorine-
free wells to deep wells, with 1.5 to 2.2 p.p.m. of fluorine, 
gave adequate caries protection to children (Klein, 1947). A 
so% re·duction in new c.aries had been r eported by Klein in 1945, 
among children exposed to fluorinated water. The results of 
the experiments conducted thus far i ndicate t hat four topical 
applications of 2% sodium fluoride i s the minimum number that 
will give the maximum reduction in caries, about 41%. Lead 
fluoride was found ineffective by Galagan a nd Knutson (1947). 
The fact that prophylaxis must precede t~e topical application 
of fluoride for the best results, is emphasized by Knutson et 
al ( 1947). 
Klein (1947) in a report telling of the caries- reducing 
effect of fluorinated water, states that the familial suscepti-
bility was a potent factor in determin.l.,ng the degree of pro-
tection which was afforded different children. The constitu-
tion of the individual, therefore, must be considered as a 
determiner in caries susceptibility • In the final analysis, 
then, many factors cause dental caries, and no single etiologic 
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agent can be pointed out. 
THE NOSE 
The mucous membrane of the nose serves to hold bac-
teria and other organisms which are present in inspired air, 
keeping them from getting into the deeper respiratory passages. 
Whether pathogenic organisms are found as normal inhabi 
-tants in the nose has been the subject of dispute. Many auth-
ors (Cecil, 1925) . believe .that t he heal thy nose is entirely 
free from bacteria. Kuster (l903), has summarized the work on 
the nasal flora and concludes from his research in the liter-
ature and from his own invt;;stlgation that one cannot consider 
a normal flora of the nose. Due to the unsuitable conditions 
which prevail in the nose, very few organisms remain for any 
appreciable length of time. Many kinds of organisms are in-
haled into the nose, but are transient. 
Other authors contend that there are a few microorgan-
isms there, including several harmless • varieties of bacteria 
and some potential pathogens such as Pneumococcus and 
Hemophilus influenzae. (Burdon,l939) Also allied with this 
belief are Greaves and Greaves (1946), who state that most 
individuals harbor pathogens in the upper parts of the respir-
atory t r act. Gill (1938) r~p orted that Saccharomyces species 
are often found in the nose. There they may, in rare instance~ 
give rise to lesions like those of moniliasis. 
In his description of the normal flora of a five-year-old 
. I 
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child, Tissier mentioned nsome. yeastsn without further identi-
fying them or stating their pathogenicity. Twenty per cent of 
111 subjects of an investigation by Neumann (1902) harbored 
molds, and 2~ had yeasts in the~r noses. Again no reference 
is made to their identity or pathogenicity. 
It seems, therefore, that the flora of the nose does 
not include pathogenic fungi, with the possible exception of 
the Saccharomyces mentioned above. The unfavorable environ-
ment acts as . a potent barrier protecting the deeper portion of 
the respiratory system. The mucosa of the nose is covered by 
a film of mucus which is constantly moving, dtl.e to the pro-
pelling action of cilia found there. The mucus and any micro-
organisms which have been inspired are forced toward the oro-
pharynx, and there are swallowed (Jordan and Burrows, 1945). 
THE THROAT 
Bacteria and higher fungi from the mouth often pass 
into the throat, there to be destroyed by the slightly anti-
septic mucous secretion; ··,or, failing this, to take a place in 
the normal flora of that region. Microorganisms find in the 
human throat ideal conditions for growth. The peculiar anatom-
ical structure supplies a. protective si.te for many types of 
both aerobic and anaerobic organisms (Burdon, 1939). 
'Among organisms present in the throat there are some 
which may invade the tissues when resistance ls lowered. Gro-
ver (1916) concluded that a certain percentage of all 
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individuals harbor in their throats yeasts which may become 
pathogenic, causing inflammation of the mucous membranes. Of 
25 yeastlike organisms cultured from normal throats, 23 were 
found to be pathogenic (Peckham, 1925). In a study of 1002 
normal throats, Tanner et al (1927) found that 10% were posi-
tive for Monilia albicans. Fisher (1936) found 10.7% of 
adults positive for this organism. 
Though Monilia may be found scattered over the mouth 
region, the throat ha3 been observed to be most constantly 
positive for these fungi (Knighton, 1939). 
In a mouth and throat study, Todd (1937) found a higher 
incidence of positive cultures of M. albicans among female 
subjects than among males, with 18.2 and 9.3% respectively. 
Of the 1000 normal persons studied, 14% were positive, 7% for 
.. both mouth and throat, 3.1% for mouth only, and 3.9% for throat 
only. Thus it would seem that mouth con tamina.11 ts may be found 
also in the throat, due to the proximity of these areas to 
each other, and to the favorable conditions of both for micro-
bic growth. 
In children's throats, Epsteih (1924) noted that the 
incidence of positive cultures for M. glbicans varied inverse-
ly with the age of the subjects, with 54%, 46.5%, and 38.5% for 
the 2- to 6-week old, 6-weeks to a year, and l-6year groups, 
respectively. Haler (1932) found only 20% of norma.l children 
(no age given) positive for this fungus. 
Another pathogenic fungus found in the throat (also 
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an inhabitant of normal mouths) is Actinomyces bovis. (Sullivan 
and Goldsworthy, 1940) The same organism is referred to as 
Actinomyces israeli by Rosebury (1944). Injury to t the throat I 
has resulted in cervico-facial actinomycosis, and, although the 
disease is not common, [sanford (1923) stating that only 700 
cases had been reported up to 1923 in the u.sJ, the importance 
of prompt treatment of throat injury, including inflammation 
due to cold, cannot be over-emphasized. 
THE TONSILS 
The tonsils become infected by bacteria at birth, or 
soon thereafter. Even pathogenic organisms may be found there 
early in life. For example, pyogenic streptococci were iso-
lated from ten-hour-old infants. (Davis, 1924) 
Normaliy, tonsils act as centers of phagocytosis, since 
they are composed of lymppoid tissue. Their cells, lympho-
cytes, have the ability to engulf and destroy microorganisms 
whLch may enter the throat. This ability is lessened when the 
tonsils are infected. In fact, Ross (1926) stated that the 
organisms which produce dental caries are aided in their multi-
plication by infected tonsils. 
Due to the proximity of the tonsils to the mouth, one 
would expect many of the normal mouth organisms and also tran-
1 sient invaders to be present in the crypts of the tonsils. The 
proof of this is shown by the incidence of inflammation of the 
tonsils. At times, the lymphocytes do not completely phage-
1 cytize the invading microorganisms, and a center or 11 focus 11 of 
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infection remains. From this center, germs may enter the 
lymph or blood stream and thus carry infedtions to other parts 
of the body. 
Fungi are often found in the crypts of the tonsils, 
particularly after the extirpation of the tonsils. Forty-
seven per cent of tonsils which had been removed in Puerto 
Rico (in an investigation conducted by Emmons), harbored Actina 
myc~s bovis, the organism of actinomycosis. (Wolf and Wolf, 
1947) In a series of 300 tonsillectomies, Actinomyces was 
found in 37% without actinomycotic symptoms. (Emmons, 1938) 
A report by Hall (1944) indicates that 21% of surgically re-
moved tonsils harbored this organism. The subjects ranged in 
age from 2 to 70 years. No distinction could be made between 
actinomycotic and non-actinomycotic tonsils. 
That these organisms are the causative agents of Actina· 
mycosis, infecting the carrler only under extraordinary con-
ditions, is attested to by Henrici (1947) and Emmons (1938). 
The latter fl.lrther states that the 'granules may be aspirated 
into the bronchi or swallowed, sometimes inoculating the appen-
dix. 
However, Davis (1914) found granules in tonsillar 
crypts and identified them not as Actinomyces, but as fusiform 
bacilli, streptococci, and spirilla, and, furthermore, doubted 
their relationship to actinomycosis. The latter assumption 
was based on his belief that no case of tonsillar actinomycosis 
had been authenticated. But the word actinomycosis denotes an 
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infection wi t h the organisms of the di~ease, _ not merely the 
The majority of au thorn have ·shown 
1 
presence of the fungus. 
that Actinomyces bovis is primarily a saprophyte in the tonsil-
lar crypts, present in the granules there. This occurrence 
does not constitute an infection; yet the organisms cannot be 
distinguished from the agents of Actinomycosis. {Henrici,l947). 
THE LUNGS 
Many authors agree that the lungs are entirely from 
bacteria and higher fungi. (Jordan and Burrows, 1945), and 
Greaves and Greaves, (1946}. 
Monilia albicans has been isolated in many instances 
in routine sputum examinations. Almost 10% of specimens yield-
ed that organism. (Weedon et al, 1937). In a series of iden-
tifications of pathogenic fungi isolated from patients suffer-
ing f~om mouth and vagina lesions, and such lung involvements 
as bronchitis, bronchiectasis, asthma, and pneumonia, Stovall 
and Bubolz (1932) found that 150 out of 200 cultures were 
Monilia. 
~ccording to Stovall and Greeley, (1928), primary 
fungus infections of the lung are more common than is 
indicated in the literature. Comparatively few requests for 
fungus examinations are sent with sputum specimens. (Gilbert 
and Groesbeck,l930). When the natural resistance of the lung 
tissue is lowered, yeastlike fungi apparently invade it, 
causing infections. The individual's vitality may have to 
IL 
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have fallen to a very low peak for a fungus infection to 
occur in the lung. In view of the fact that pathogenic 
organisms may be found in the mouths and throats of a.pparen tly 
healthy individuals, the possibility of an endogenous infec-
tion of the lungs by fungi from these sources must be con-
sidered. In many cases of suspected tuberculosis, no tubercle 
bacilli are isolated, but, in their stead, species of Monilia 
are found (Gilbert and Groesbeck, 1930, and Shaw, 1926). 
Undoubtedly, the organisms which cause infection of 
the lungs are inspired, and are not normal inhabitants of that 
region. 
THE GASTROINTESTINAL TRACT 
As has been already pointed out, microorganisms grow 
and multiply in the ideal environment of the mouth. Among 
the favorable C@nditions prevalent in the mouth is the reaction 
shown by Brawley (1935) to be only slightly acid, and believed 
by some others to be neutral, or slightly alkaline. Hence, 
many organisms are present in the mouth and are constantly 
beihg swallowed. Few of them survive long after they reach 
the stomach, however, and several authors {Kendall, 1915, and 
Topley and Wilson, 1936), state that the stomach contents are 
practically sterile. The germicidal action of the gastric 
juice is believed responsible for the greatly decr~ased 
numbers of bacteri a in the stomach{Kopeloffl 1926), and 
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probably accounts for the fact that this organ is exception-
ally free from infection (Greaves and Greaves, 1946). The 
mechanism by which the stomach keeps itself free from infec-
tion is called an 11 au t o-disinfecting mechanism" by Tapley and 
Wilson (1936), who suggest that some factor besides the gastric 
acidity is involved. If, for any reason; such as nervousness, 
fatigue, or disease, hypoacidity occurs in the stomach, the 
contaminants which enter there with the food or with swallowed 
saliva are not destroyed. On the contrary, they multiply and 
may attack the mucosa, causing a sertous infection. Herein 
lies the importance of the bacterial flora of the stomach, for, 
even when there is no bacterial invasion from without, the 
stomach can become infected by its own normal inhabitants. 
The acidity which is so inimical to bacteria, is, on 
the other hand, favorable to the presence and growth of molds 
and yeasts, according to Greaves and Greaves (1946). Hence, 
it is not surprising to note the general agreement in the 
literature that yeasts and yeastlike organisms, which flourish 
in an acid medium·, are numerous in the alimentary canal. Keipei 
(1938), Nye et al (1929), and Hopkins (1932), to mention but a 
few investigators, all report that the same organism which is 
responsible for moniliasis, M. albicans, the Mycocandida of 
Dodge (1935), is normally present in the gastrointestinal tract. 
Another species of Monilia, M. psilosis, similar t~ M. albicans, 
and, like the latter, considered responsible for moniliasis, 
occurs widely in normal digestive tracts (Frobisher, 1942). 
• 
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Benham (1933) reports the only figures available to the writer, 
on the incidence of M. albicans in human alimentary tracts, 
stating that 18% of normal individuals harbor this organism. 
A much higher percentage of normal subjects, so%, were positive 
for cryptococci and mycodermata (geotricha), in cultures of 
their tongues and feces. These organisms are considered part o 
the normal flora of the intestines. Benham finds it impossible 
to distinguish them from the pathogenic variety. Conant et al 
(1945) state that the agent responsible for geotrichosis, the 
mycoderma mentioned above, was isolated from the stools. of 314 
medical students, nurses, and p~tients without intestinal dis-
turbances. Both of these organisms, (Geotrichum and Crypto-
coccus), · and Monilia species are present in the feces of chron-
ically institutionalized patients (Felsenfeld, 1944). 
Lower in the intestinal tract, the few bacteria which 
survive the gastric acidity, having been shielded by the 
surrounding food, find conditions more amenable. Though there 
are few organisms in the duodenum and upper jejunum, the lower 
part of the small intestine contains a greater number, includ-
ing yeasts (Topley and Wilson, 1936). The number increases to 
maximum in the large intestine, the secretions of which have 
a doubtful bactericidal effect. 
The lower part of the intestine is slightly alkaline 
in reaction (Arnold, 1927), abetting the active baeterial multi 
plication there. Of course, the only organisms to reach there 
are the survivors from the stomach, since the secretions of the 
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liver, pancreas, and duodenal wall are sterile (Marshall, 1921) 
Because the upper part of the tract is acid, the actinomycetes, 
which prefer an alkaline medium, and which are deemed a consti-
tuent of the intestinal flora of man, must be present in the 
lower, alkaline regions. Wright (1905) states that Actinomyces 
bovis might well be a normal inhabitant of the gastrointestinal 
tract. Cecal actinomycosis is termed not uncommon, by Sullivan 
and Goldsworthy (1940), who report that in cases of trauma, or 
other abnormal conditions, endogenous infection can occur. 
Thus, it is seen that the al i mentary canal, beginning 
with the mouth, supplies a favorable site for the growth of the 
higher fungi, including pathogenic types. These, gi•en an 
opportunity to invade the ti_ssues of the host, may become a 
menace to the health, and, perhaps, to life itself. 
THE GENITO~URINARY TRACT 
The genito-urinary organs, the bladder, ureters, kid-
neys, urethra, testes, uterus, and ovaries, and accessory glands 
are normally sterile, according to Burdon (1939). 
The vagina, the organisms of which have been discussed 
in an earlier section, appears to be the only part of the 
genito-urinary system frow which organisms have been isolated. 
The microbes found there are limited to aciduric forms, and 
the pathogenic Monilia albicans, agent of moniliasis, is the 
yeastlike organism most frequently isolated from this region 
of the body. 
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Dodge (1935) refers to Candida urinae, which was iso-
lated from the urine of a diabetic. This was probably a con-
taminant, perhaps from ~he vagina, since the bladder is nor-
mally sterile. 
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IV ~ YEASTLIKE ORGANISMS FOUND IN HEALTHY MOUTHS 
ORIGINAL INVESTIGATION 
As has been shown in a previous section, acidity is 
t}4e ultimate cause of dental caries, the rotting of the teeth. 
Evidence has been presented to indicate the decalcification of 
human tooth enam.el by a symbiosis between B. acidophil us and 
1
yeasts. The possible relationship between caries incidence and 
the presence of yeasts in the mouth has been demonstrated by 
Rosebury (1937) who, in his investigation among Kuskokwim 
eskimoes, isolated yeasts from 30.5% of caries cases, and from 
only 2.3% of caries-free individuals. 
Many mycologists have shown that some of the yeastlike 
organisms may exist as saprophytes .in the mouths of normal 
individuals, and may become pathogenic under certain conditions. 
outstanding among these is Monilia albicans, the causative 
agent of thrush, or moniliasis of the mouth. 
For the two reasons, then, of caries-susceptibility 
and possible pathogenicity, the present investigation was begun 
by the writer, under the guidance of Dr. Genevieve Young, 
professor of Bacteriology at Boston University. The goals to 
be reached in the study were: 1) determination of the incidence 
of yeastlike organisms among healthy individuals, and the 
permanency of yeasts in the mouths of carriers; 2) identifi-
cation of the organisms isola ted; 3) relationship o.f yeas tlike 
organisms to caries activity and salivary pH; 4) determination 
BO!mN UNm~~rry 
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of the pathogenicity of the organisms isolated. 
I MATERIALS AND METHODS 
I 
In the present study, sterile swabs were rubbed around 
the teeth of the subjects at least three hours after they had 
eaten a meal. The swabs were streaked on Sabouraud maltose 
The plates were inverted and incubated! 
at 37 degrees Centigrade. The slants were placed in a Grad-
I 
1 agar plates and slants. 
I 
i' 
I 
I 
I' 
11 
II 
I 
'I 
I 
I 
I 
I 
!I 
il 
wohl anaerobic jar; illuminating gas was allowed to enter it 
and thus replace the air. The jar was then incubated with the 
aerobic plates. In 48 hours, yeastlike colonies were s t udied 
macroscopically; they were raised, moist , creamy, circular 
colonies possessing the odor characteristic of yeast. Micro-
scopically, the cells were l&rge, oval, with some budding 
observed in wet unstained slides. 
True mycelium was observed in all cultures except one. 
The latter failed to produce mycelium although media intended 
to induce its formation were used. The same culture differed I 
from the others in that its colonies were less moist and flatte'"" 
and its cells were smaller and more round. 
In order to determine th~ pH of the saliva of the 
subject as it was when the culture was taken, a strip of 
nitrazine paper was placed in the mouth, and the pH was read 
immediately by comparing the moistened paper with a color chart 
At the same tim~ the subject was asked to recall how 
many fillings he had had in the last two years, and these were 
[ 
I 
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recorded along with the pH. At the outset, it must be observed 
\J that extractions of ca~ious teeth too far gone to save were not ' 
~~~ reported, nor were the new caries which had developed s1-nee the I 
I 
last visit to the dent.ist. Hence, the figures are, at best, I 
J1 a pproximate. 1 i 
I 
To learn whether these organisms that were isolated wer 
transient, or were permanent inhabitants of ·the mouths of the 
I subjects, a second culture was talcen after two or three months~ 
II tl Twelve of the 13 positive subjects were aval,lable, and, of I 
~ these, 10, or 83% were found still positive for yeastlike fungi 
II 
j! 
i 
.i 
I 
I 
/ . 
an indication that the organisms are probably permanent. 
The identification scheme used was that adapted f rom 
Ladder, found in the 1947 edition of "Henrici' s Molds, Yeasts, 
and Actinomycetes, 11 in which non-ascospore-forming yeastlike 
fungi are placed in the Order Moniliales and the Class Fungi 
Imperfecti. Since the organisms did not form carotinoid 
pigments, and had true mycelium and/or pseudomycelium or no 
mycelium at all, they met the requirements for the F~~ily 
Cryptococcaceae; their possession of blastospores, and not 
arthrospores, budding from the mycelium, classified the I 
organisms in the Subfamily Candidoideae, and the Genus Candida. I 
The name Candida, which has come into widespread use, refers to 
the organisms previously called Monilia in this thesis. The 
use of Candida has not been validated, though it appears to be 
!I more sui table, since Monilia suggests to a general mycologist 
the ascomyce~ous plant pathogen, essentially mold-.like. 
II I 
'I 
II 
I 
II 
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However, due to the fact that most of the medical 
literature calls the parasite of mucous membranes 
mycological 1, 
Monilia, and j 
since no official Botanical Congress has sanctioned a nomen 
conservandum for this genus (Skinner, 1947), the writer will 
continue to refer to the genus as Monilia. 
To identify the ~ecies of Monilia encountered, a 
simple key printed in Henrici (1947), derived from Martin et 
I 
I 
'I II 
·I 
,, 
li 
il 
al (1937) and Langeron and Guerra (from a paper by Henrici in 1 
li 
1941) was used. There were 17 different cultures to identify, 1i 
I 
since 4 of the 13 subjects had t wo kinds of yolonies, one with II 
very slow mycelial developmen~, and the other with rapid my- :1 
celial growth. The culture which was never seen to produce li 
I 
creamy colonies on Sabouraud agar, with no pellicle on liquid I 
On the other hand, the re- I 
mycelium appeared to be M. panapsilosis, since it had moist, 
media and fermented only glucose. 
maining 16 cultures fermented glucose and maltose, and not 
sucrose, therefore were M. albicans. 
To confirm these findings, the writer utilized the 
II 
,! 
I 
I 
I 
I 
identification plan of Martin et al (1937) with few variations, j 
such as the use of carrot infusion agar in place of carrot 
slants, and the addition of plaster blocks as a sporulation-
inducement medium. 
Briefly, the method follows: l) Sabouraud glucose 
agar slants are incubated at 37 degrees for 48 hours; 2) 
' Sabouraud glucose broth cultures are incubated aj:. 37 degrees "I 
" for 48 hours, and studied for surface growths; 3) blood agar, ,, . 
i 
I 
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, inoculated from the broth culture, is incubated for 10 days 
and examined for colony types; 4) glucose agar slants are 
I inoculated, to obtain rna terial for later procedures; 5) ca.rro 
li infusion agar slants are inoculated, and studied for ascospore ~~ 
Jl and mycelium formation; these are kept at room temperature for i 
il a few weeks; 6) plaster of Paris blocks are inoculated and 
1
, 
I' kept at room temperature, and smears are stained by the acid-
1 
II 
II 
II 
I 
II 
I 
I 
II 
II 
II 
fast-method, and examined for ascospore identification; 7) 
corn meal agar slide cultures are studied for mycelial growth; 
8) fermentation tubes of 3% glucose~ sucrose, lactose, and 
maltose are inoculated and examined for gas and tested for aci 
production. 
The 17 cultures were unusually similar in their 
growth characteristics and other reactions. Only on the blood. 
agar was much differentiation possible. On this medium, 14 of 
the cultures averaged l , to 2mm in d i ameter and were grayish-
white, (M. albicans, according to Martinet al); two had a 
mycelial fringe around the colonies, (M. stellatoidea); one, 
previously identified tentatively as M. parapsilosis, had 
colonies which averaged only .1 to .2mm in diameter and were 
grayish-white (M. Krusei). 
The mycelium of the 16 cultures having it, was long, 
with dense clusters of blastospores along the sides, but out 
near the ends of the filaments ther·e were only small groups of 
cells, in chains or bunches. The blastospore arrangement 
resembled the typical M. a1bicans structure. It may be 
'I l, 
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significant that two of the cultures produced extremely tor-
tuous filaments quite unlike any the writer had seen. 
For pathogenicity determination, lee of a 24-hour 
growth of each culture in glucose was injected intraperitoneal ~ 
into mice. Five of the injections proved fatal, o~e animal I 
" dying in 3 days, and the others at 5, 17, 1'8, and 21 days, 
respectively. Yeastlike organisms were recovered from the ones 
I 
which died in 3 and 5 days. The latter animal had a fibrous 
sheet of tissue aqhering to the ventral external surface of th 
stomach.and liver, which seemed to have penetrated into those 
organs. This was a typical moniliasis 11 pseudo-membrane. 11 A 
direct smear from the patch revealed. yeastlike cells inter-
spersed among densely matted mycelial filaments. The five 
cultures were in the species albicans, one, albicans var. 
stellatoidea. 
I 
II 
lj 
1 RESULTS AND CONCLU§IONS 
;\ Of the 50 students, 13, or 26% were found to harbor 
I, 
1: yeastlike organisms in their mouths. All cultures were class-
ified as Monilia; one was found to be most like M.· Kruse.!_, an1 
the others fulfilled the ariteria. forM. albicans. Two of the I 
I latter probably belong to the variety stellatoidea, referred to 
1 by some authors. Ji 
1
1 Using the arbitrary number of 5 or more fillings in th 
! last two years as a basis for comparison, 62% of the positives I 
had 5 or more, as against 46% of the negatives. The differenc 
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is not very significant; however, there is some indication 
that caries activity and the presence of yeastlike organisms 
may be positively correlated. 
II The average pH of the positive group is,' for all 
practical purposes, the same as that of the negative group. 
With a pH below 7.0 as the basis for comparison, 31% of those 
, positive for yeastlike fungi and 35% of the negatives had a pH I 
. I below that figure. However, combining the data of this experi- l 
ji 
li 
1: 
II 
I 
ment with those of the investigation by Sullivan (1946) using 
essentially the same technique, the results are probably more 
reliable, since the size of the sample is much larger. The I 
results of such a combination are as follows: 45% of positive~ 
had a pH below 7.0, while 38% of negatives were in that cate- 1 
gory. Again t h e difference is not too significant, but a tren~ 
toward a lower pH being associated with presence of yeastlike I 
organisms is indicated. I 
A higher incidence of yeastlike organisms in healthy 
!I mouths than has been recorded in the literature is thus 
!I reported. Evidence of the pathogenicity of some of the organ-
!! isms has been given • . The fact that there may be an association 
II 
r 
J 
of caries and low salivary pH with the presence of these organ-
isms has also been proffered. The organisms were grown in ·a 
sugar solution, Sabouraud glucose broth, which was known to be 
1 fermented by all of the cultures. An average lowering of 1.78 
units in the pH of the medium was noted at t h e end of 10 days. 
so the organisms are definitely acid-producing types. · 
YEASTLIKE FUNGI 
MYCELIUM 
ABSENT PRESENT 
ASCOSPORES ASCOSPORES 
ABS&~T PRESENT ABSENT PRESENT 
CRYP TOCOCCI SACCHI\ROMYCES MONILIA ENDOMYCES 
I 
I 
.I 
i 
'I 
I, 
'I 
' 
'I 
.I 
I 
I 
I 
CLASSIFICATION OF MONILIA 
(ADAPTED FROM N!ARTIN ET AL) 
1. SABOUR~UD GLUCOSE AGAR SLANT 
2. SABOUR~U D GLUCOSE AGAR BROTH 
3. BLOOD AGAR PLATE 
4. CARROT I NFU SION AGAR SLANT 
5. PLASTER OF PARIS BLOCKS 
6. CORN ftiEAL AGAR SLIDE CULTURES 
7. FERMENTATION OF 
GLU COSE 
LACTOSE 
MALTOSE 
SUCROSE 
8. PATHOG~~ICITY TEST 
9. QUANTITATION OF ACID PRODUCTION 
I 
I 
. I 
SUMMARY OF RESULTS 
(including those of Sullivan, 1946) 
TOTAL NUMBER STUDIED 
NUMBER POSITIVE 
PERCENTAGE POSITIVE 
TOTAL NUMBER RE-STUDIED 
NuMBER POSITIVE 
PERCENTAGE POSITIVE 
NlJMBER OF POSITIVES WITH pH BELOW 7.0 
PERCENTAGE 
NulVIBER OF NEGATIVES WITH pH BELOW 7.0 
PERCENTAGE 
NUMBER OF POSITIVES WI 'l'H FIVE OR MORE FILLINGS 
IN LAST TWO YEARS 
PERC:E;NTAGE 
NUMBEH OF NEGATIVES WITH FIVE OR dORE FILLINGS 
I N LAST TWO YEARS 
PERCENTAGE 
125 
38 
30.4% 
17 
14 
82% 
17 
45~o 
24 
38% 
23 
4 61/o 
38 
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V - SUMIViARY AND CONCLUSIONS 
The importance of the normal flora has been seen to be 
very great, particularly because of the imminent threat from 
disease-producing forms. Hence, a compilation of the pathog~nic 
fungi found in the various regions of the body was deemed necess 
ary. 
The fir~t reference to fungi was recorded in the Ebers 
Papyrus aroun·d 1500 B.C. In 1682 A.D., Leeuwenhoek observed 
some mouth microorganisms, mostly non-p~thogenic ones. In the 
field of mycological research, Sabouraud was an outstanding 
investigator, and his work marked the beginning of modern stu-
dies of fungi. 
Most of the fungi known to be pathogenic to man are 
classified as Fungi Imperfecti. They are responsible for a 
sit?;nificant number of fatalities each year, according to the 
Vital Statistics reports. Non-fatal mycoses are widespread, 
notably tinea capitis and dermatophytosis. The latter is more 
common among men than among women, due, no doubt, to the fact 
that men use public gymnasiums and showers more than women do. 
Fungus infectious are probably as cotnrnon as any bacterial in-
fections. This fact, coupled with the tenet that most fungus 
infections are of endogenous origin, indicates the importance 
of a knowledge of the pathogenic fungi which are numbered among 
the normal flora of the human body. 
The normal hair and scalp harbor only one known 
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pathogenic fungus, Pityrosporon ovale, shown to be the causative 
agent of seborrheic dermatitis. 
Clean skin has been shown to possess a remarkable germ-
icidal power, so that invading organisms which are not constant 
inhabitants, are destroy~d in a short time. 
!organisms are present, even on clean skin. 
However, very many 
Few types of fungi 
i 
are there, however. Chiefly cryptococci and mycodermata, the 
etiologic agents of cryptococcosis and geotrichosis, respective-
ly, are often found on normal skin, although some authors say 
that Monilia albicans is the only pathogenic fungus to have been 
isolated from that region of the body. Whether the typical M. 
albicans, tne organism of moniliasis, is found on the skin of 
healthy indiv,iduals is a matter of dispute. 
The dange~ of infection from the normal skin flora is 
heightened when the ski~ is moistened, either by perspiration 
or by prolonged immersion in warm water, and/or when a loss of 
local immunity occurs either by a general loweringo:f resistance 
or by a break in the skin. 
The feet provide a warm, moist environment suitable 
for the growth of various microorganisms. Dermatophytoses, 
therefore, are quite common. The organism responsible for 
dermatophytosis of the feet of man, Trichophyton mentagroohytes, 
may grow for mohths or years in .the interdigital spaces before 
symptoms of the fungus disease are noted. Because conjugal and 
familial transmission of ringworm infections is exceedingly rare, 
endogenous infection by the. ringworm organisms is suggested. 
-so-
Investigators of the mycologic flora of the ears have 
offered contradictory reports. Much evidence purports to prove 
that no pathogenic fungi are present in normal ears. However, 
some authors state that the organisms of otomycosis, members of 
the genus Aspergillus, occur naturally on the skin, able to 
invade the e~r. In fact, the etiology of these fungi in oto-
mycosis has been questioned. Nevertheless, fungi are probably 
at least secondarily important in ear infections, and, in the 
event of lowered local resistance, may be prima ry invaders of 
the audi t ory canal, if they occur saprophytically. 
The external genitalia possess a varied flora, includ-
ing, in the female, yeasts. The pathogenic Monilia albicans 
-has ~een isolated from the vagina of both pregnant and non-
pregnant women, and is considered a normal inhabitant. Dia-
betes is a specific predisposee to vaginal moniliasis, since 
the organism of that infection thrives on the higher concentra-
tion of sugar present in the urine. 
The eyes contain no pathogenic fungi, due to their 
mechanical barriers, the eyelashes, eyelids, a.nd tears. Al-
though the tears are germicidal agents, they are effective 
only against non-pathogens. 
Therefore, it is evident that the exterior of the body 
po s sesses few types of fungi. However, due to the ease with 
which contamination of the outside surfaces may occur, mycolo-
igstw are not in agreement as to what shall be called a 11 normal 
flora. 11 
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The interior of the body offers a more suitable environ 
men t for the devetopiiien t of fungi. Within the body, then, we 
expect to find a more varied flora and also greater numbers of 
organisms. 
The mouth offers perhaps the most favorable conditions 
for microbic growth. Although saliv~ is slightly bactericidal, 
its even more potent mechanical action of rinsing the mouth is 
seen to be the single factor which does the most to rid the 
mouth of many transient invaders, and to keep the number of 
naturally occurring organisms down to a reasonable figure. If, 
perchance, the secretion of saliva should becowe decreased or 
fail, the microorganisms would have little to deter their 
multiplication. It is surprising to note that so few mouth 
infections result from the many injuries to the mucous mem-
branes there. 
In the mouth there are two types of fungi, actino-
mycetes and yeastlike organisms. Among the pathogenic actino-
mycetes are Leotothricia buccalis and Cladothrix placoides, 
believed by some to be respons-ible for dental caries, and 
Actinomyces bovis, the organism of actinomycosis. When the 
resistance to infection is lowered, the -disease may occur; 
however, transmission from man to man does not occur, and the 
organism does not exist outside the human body, so that the 
infection is endo@enous in nature. Perhaps the pathogenicity 
of the organisms as they exist in the non-actinomycotic mouth 
is lower than that of the organisms found in an infected region~ 
I 
- ·1 
II 
·I 
I 
-62-
Yeastlike organisms are reported by many authors to be 
present in normal mouths and throats, in percentages ranging 
from 54% for infants, to 14% for adults. Ages of children and 
the per cent positive were seen to vary inversely. An investi-
gation begun in 1946 and continued by the writer, disclosed 
that 30.4% of normal college students were carriers of yeast-, 
like fungi. Of these, 82% harbored the organisms constantly ir l 
their mouth; th1.s is a higher percentage than had been pre-
viously reported. 
The pathogenic yeastlike forms seen in the normal 
mouths in this study are three species of the genus Monilia, 
namely, parapsilosis, albicans, and albicans var. stella.toidea 
I 
Of these, M. albicans is believed to be the only pathogenic one J, 
g1.v1ng rise to or.al moniliasis, or thrush. I 
The pathogenic M. albicans has been suggested as a 
possible factor in dental caries. Caries has been shown to be 
caused by the decalcification of the tooth enamel by acid-form.l 
ati on. Now this acid formation is rapid in the presence of 
carbohydrate-fermenting bacteria and fungi. In one experimen t , 
yeasts from saliva decalcified enamel when they were present 
without bacteria, whereas Lactobacillus acidophilus in pure 
culture caused no enamel to be dissolved. Symbiosis of the 
two, however, resulted in the greatest dissolution of enamel. 
Thus, the role of the yeastlike organisms, which have been 
. I 
shown to produce acid by fermenting carbohydrates, is indicatec. 
Actual correlation between caries and the presence of 
yea£ts in the mouth was shown by Rosebury, who found yeasts in 
the mouths of 30.5% of caries cases, and in 2.3% of caries-free 
ce.ses . Knighton could not note any association between caries 
and yeastlike fungi. In the present study, a slight tendency 
for people with extensive caries to be positive for yeastlike 
organisms was noted. 
Yeasts have been found in a large number of dental 
p laques, and are, consequently, c.losely allied to the tooth 
I 
surface. Therefore, it appears that the great amount of acid 
produced in a short time after the i ngestion of carbohyd~ates 
is effective in furthering caries, if not in initiating them. 
The importance of the nutritional factor, along with the con-
stitutional and environmental influences may not be overlooked, 
however. These may. be some of the reasons wny some people are I 
II more susceptible to caries than others. The methods of caries 1
1 
control suggested by Kesel (1948) would curb the incidence of 
this extremely prevalent disease. In effect, they state that 
the individual must lessen the posBible occasions of tooth 
decalcification. The following suggestions might do this: 
l) render the tooth less soluble i n ac i d by chemical means; 
2) neutralize the acid formed; 3) decrease sugar consumption, 
so that conditions in the mouth a r e not so favorable for bac-
terial growth; 4) use anti-bactertal of fungicidal agents in 
a dentifrice or mouth rinse to destroy the microorganisms. 
The pathogenicity of the yeastlike fungi which are able 
to g ive rise to moniliasis, is an important consideration. 
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Monilia albicans, isolated from the majority of the subjects 
positive for fungi in the present study, is the agent of thrush 
Death resulted in 5 out of 17 inoculations into mice. Positive 
etiology was not established in all cases; however, no other 
abnormal findings were established in the autopsies. In a few 
ca.ses, anima.l,swhich lived appeared unhealthy, i.e., their fur 
was unkempt. It is probable, therefore, that the healthy 
mouths yielded organisms of variable pathogenicity. 
The nose is believed to contain few if any permanent 
organisms. Saccharomyces, which may become pathogenic,are 
reported to be present. Yeasts ~lso are included in the normal 
flora, but their pathogenicity is not indicated in the report. 
The tonsils harbor the pathogenic Actinomyces bovis in 
the crypts. Normally, the tonsils act as areas o.f phagocytosis 
In tonsillar disease, however, this power is lessened or lost, 
and, in this way, the tonsils may aid the caries-producing 
organisms of the mouth. 
The lungs are generally conceded tq be free from bac-
teria and higher fungi. Yet they are quite often contaminated 
by the mouth and throat organisms, so that sputum from patients 
with diseases of the lung gives a wositive culture of yeastlike 
organisms, chiefly of Monilia species. 
The stomach is relatively free from microorganisms, due 
to its acidity. Further down in the tract the acidity is de-
creas~e9, and organisms which survived the ga.stric acidity by 
being protected by food, are found there in greater numbers as 
I : 
I 
I 
I 
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the tract continues. Again species of Monilia are the fungi 
most often encountered,- 18% of normals harboring ~ albicans, 
the organism of moniliasis. Mycodermata, cryptococci, and 
Actinomyces bovis have been in the intestines. 
The internal organs of the genital and urinary systems 
are sterile, normally, with only the vagina yielding microbes. 
These are aciduric types, due to the acidity of the vaginal 
secretions. 
Thus, it is evident that the normal body harbors many 
pathogenic fungi, opportunists, waiting for a chance to enter 
the tissues, causing an infection. Many of the infections can 
be caused only under exceptional circumstances, so that caution 
in case of injury, or when . the body's natural resistance is 
low due to fatigue, is advisable. 
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II 
VI - ABS1'RACT 
II 
Each region of the body has its own natural micro-
1
1
organisms, which constitute the normal flora of that region. 
~ Among the organisms present are bacteria and higher fungi. 
I! 
I 
I 
Pathogenic fungi in the normal flora regarded as im-
'I portant because of the threat which they offer to the heal th of 
,, 
ii the body. Under the proper circumstances, these pathogens can 
'I invade the tissues, sett i ng .. -Up · an infection. 
I. 
:: Fungus diseases which terminate fatally are numerically
1
. 
· important, although they are responsible for only 0.039o of 
!deaths in the United States in any year. Non-fatal fungus I 
~ diseases are very prevalent, being almost as common as any 
1: bacterial diseases. Notable among t h ese is coccidioidomycosis, 
J acquired by 75 to 97% of the _children on Indian reservations 
I in Arizona. Tinea cap i ~i s is now referred to as an epidemic 
' communicable disease. Dermatophytosi s of the feet is also an 
I ever-present mycosis which does not result in death. 
Fungus infections are, for the most part, endogenous 
origin. For instance, actinomycosis is not ,transmitted 
II from one human to another, nor from animal to man. The causa-
li 
f tive organism, Actinomyces bovis, does not exist outside the 
1 body, so the i n fection must be endogenous. 
IJ In the Ebers Papyrus, written about 1500 B. C., the 
~ first reference to fungi · is found. But it was not until 1683 
l 
,A.D., when Leeuwenhoek developed his lenses, that microorganisms 
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Suspicion that microbes caused 
disease was harbored by Fraca.stor in 1543 . 
The hair and scalp, although popularly believed to be 
free from living organisms; harbors many fungi among which is 
the pathogenic Pityrosporon ovale. 
II Skin, even though is has been scrubbed clean, is never 
I entirely free from bacteria. 
II 
Monilia albicans, the etiologic 
I 
I 
II 
li 
II 
ll 
agent of moniliasis, is found on normal skin. Cryptococci · and 
mycodermata, responsible for cryptococcosis and geotrichosis , 
respectively, have been isolated from the sk in and nails of 
. . 
individuals. Ordinary cleansing of the skin, which insures 
the proper action of the germicidal power, is sufficient to 
keep the pathogens found normally on the skin in check. How-
ever, a mere break in the skin, or excessive moistening of 
this protective barrier is in many instances, sufficient for 
pathogens to enter, and gain a foothold, to cause an infection. 
The feet provide a favorable environment for fungus 
growth, as in indicated by the ~igh incidence of dermatophy-
toses of the feet. Men seem to be more susceptible to mycosis 
of the feet, according to figures presented. However, this 
has been shown to be due to th~ gymnasium habits and the mobi-
I lization of men, and not a sex difference. Some people must be 
II more susceptible than others, though, since familial and con-
11 jugal · transmission of ringworm of the groin is so rare that 
11 mycologists are convinced of the endogenous origin of this 
I 
il 
mycosis. 
I 
II 
I 
I 
I 
I 
I 
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I 
I 
I 
The .ears do not contain the agents of otomycosis, . but !I 
these organisms, belonging mainly in the genus Aspergillus, arell 
II 
II 
found on normal skin. Injury to the external auditory canal 
by the unskilled removal of excess cerumen has resulted in 
otitis. 
I The external genitalia contain no fungi, except for the l 
1~ vagina, which has a varied flora. 
l 
Monilia albicans is found 
there constantly. The internal genitalia are sterile. 
The eyes and lungs harbor no fungi, nor do the access-
ory digestive organs, such as the liver, pancreas, and so on. 
The mouth, however, contains a host of organisms; the 
most i ~nportant of the fungi which . are found frequently in the 
normal mouth, is the patnogenic Monilia albicans, which causes 
1: In an original investigation by 
I
I thrush~ or oral moniliasis. 
II the writer, it was found that 261o of the 50 subjects were 
positive for yeastlike fungi, most of which were Monilia alb-
~~ 
.I 
I, 
r 
leans. The organisms were tested for their pathogenicity to 
mice by intraperitoneal injections . Of the 17 cultures, 5 
proved fatal to the mice. Some of the animals which lived 
looked unhealthy for a few days. Thus a variable degree of 
pathogenicity is indicated. 
M. albicans may also be associated with dental caries, 
because of the production of a.cid when it ferments carbohy-
drates, and because it has been found in a significantly high 
percentage of caries cases as contrasted with a low percentage 
of non-caries cases. No significant correlation between the 
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presence of yeastlike ~ungi and caries experience in the last 
two years was noted in the present study. A slight .tendency 
for extensive caries involvement to be associated with yeasts 
was seen, but the difference was not statistically significant. 
Consideration of the problem of dental caries ~nd its 
etiological factors reveals that no one .factor can be named as 
the sole agent of caries. Constitution, environment, diet, 
mouth flora---all of these may play a part. Since the time of 
Hippocrates, theories which attempt to explain caries have been 
put forth • . The disease existed as long ago as 2800 B.C., for 
the remains of people buried about that time were examined and 
i'ound to have as high an incidence of caries as the people of 
Europe in 1930. 
Diet is believed responsible for the caries prevalence 
among people of today. Over 95% of human beings are believed 
to be afflicted with this disease. Tropical inhabitants who 
have incorporated the soft diet of the whtte ra.ces have ac-
quired als-o the high incidence of caries. 
Fra castor, as early as 1543 A.D., cohceived of living 
organisms as the cause of caries. Today the belief is that a 
co m~ination of factors is _responsible. Bacteria and fungi fer-
ment carbohydrates, producing acid in susceptible teeth. If 
the teeth are constitutionally sound, or are protected by a 
h igh fluorine content, thus .being rendered less soluble in acid 
the presence of the acid-producing organisms makes no differ- ' 
ence to the individual. However, if the calcium of the mother 
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is insufficient for sound tooth formati1on in the lfhild, and the 
drinking water does not contain fluorine to strengthen the 
te e th agains t decalcification, and the mouth contains acid-
producing organisms, then the child is quite susceptible to 
caries. 
The nose contains a variabl e group of organisms, so 
that it has been said that a "normal flora" as such cannot be 
described. However, Saccharomyces has b een named as a patho-
genic fungus found in the nose. Other fungi are present, but 
their pathogenicity is not stated. 
The acidity of the stomach keeps that organ practically 
sterile, although ma~y organisms are swallowed. Surviving 
bac t eria and fungi descend into the intestines, · and, finding 
those regions more amenable to their growth and multiplication, 
occur there in great numbers. Among the organisms in the ali-
mentary canal are Monilia albicans, c r yptococci, and myco-
d ermata. In the lower, more alkaline region of the intestines, 
Actinomyces bo~is is found, often giving rise to cecal actino-
mycosis. 
Thus, it is evident that the body harbors on its skin 
a nd mucous membr anes, especially on the latter, several types 
of pathmg enic fung i. These organisms are able to attack the 
host, but only when his resistance to disease is lowered. 
At other times, the microbes exist aa saprophytes, doing no 
harm to the host. 
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